Fluorescence intensity measurements 
Coarse grained model development
Due to the absence of cross interaction parameters between the ionic liquids and lipids for the coarse grained simulations, a set of cross interaction had to be parameterized. For coarse grained simulations, the following Lorentz-Berthelot mixing rules
can often be inaccurate. Therefore, the cross parameters were instead fit to the PMF or relative free energy change for [C 4 mim] + insertion into a bilayer obtained from our previous atomistic simulations. 1 For consistency, we used the same simulation conditions and free energy calculation method (umbrella sampling and the weighted histogram analysis method), as that of our previous 2 atomistic simulations to obtain the PMFs. As a starting point, we used the Lorentz-Berthelot mixing rules to estimate the cross interaction parameters, and scaled ε i j and σ i j such that:
where ε i j,LB and σ i j,LB are the Lorentz-Berthelot parameters, α and α' are arbitrary adjustable parameters used to fit the relative free energy curve, and ε i j,new and σ i j,new are the parameters used in the bulk simulations. A simulation time of 40 ns for each umbrella sampling window was sufficient to obtain adequate free energy convergence. Note that coarse grain simulation time is typically faster than atomistic simulation time, thereby allowing faster convergence than compared to our previous atomistic simulation time of 80 ns per window. All bending moduli of the bilayer surface were determined using the Helfrich model 3 . The bilayer undulation surface were obtained by taking the phosphate head group coordinates for each lipids and spline-interpolating between each point onto a grid. Fast Fourier transforms of the undulation surface were performed to obtain the 2D power spectrum, and subsequently the 1-D spectral intensity plot (Fig. S3) used to determine the bending modulus. Each bending modulus has been block averaged from at least 100 ns trajectories.
